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ABSTRACT. - Feeding habits of the bon net he ad shark, Sphyma tiburo were investigated through 
analysis of stomach contents of specimens collected in shallow waters in northern Brazil (Maranhao 
State). The diet is dominated by crustaceans, consisting mainly of three species of Callinecies crabs. 
The species shows a specialist behaviour, preying on few prey items. The percentage of empty stom¬ 
achs is similar to those recorded in the Northern Hemisphere, Males and females show a similar food 
spectrum. No important dietary shift was associated with size. However, the importance of CuU'mectes 
in food contents differs with size and sex. Size selectivity of prey was not observed. Mean prey weight 
increased in females up to 90 cm, whereas in males it decreased with length up to 80 cm. Males have 
less food in their stomachs than females, 

RESUME. - Regime alimentaire du rcquin marteau Sphyma tiburo du nord du Brdsil. 

Le regime alimentaire du requin marteau tiburo {Sphyma tiburo) a etd ddtermind par V analyse 
des comenus stomacaux d'individus pdches dans les eaux peu profondes de la region Nord du Brdsil, 
Le regime alimentaire est domine par les crustaces et particulifcrement par trois especes de crabes 
Callinecies^ Ce requin momre tin comportcment alimentaire specialist ne recherchant que quelques 
types de proies, Le pourcemage d’estomacs vides est comparable a ce qui a 6te deerit dans 
I 1 Hemisphere Nord, Les males et les feme I les ont des proies similaires, Aueun change me nt important 
de regime alimentaire n est associe a la eroissauce. La proportion des proies ( Callinecies) dans les 
con ten us stomacaux varie avec la taille du predateur, mais aucune relation car re la x ai lie des proies et 
la taille des prddateurs n'a pu etre eiablic Le poids moycn des proies augmeme ehez les femelles 
jusqu"& une taille infdrieure h. 90 cm, tandis que, chez les males, ce poids diminue avec la taille, Les 
contenus stomacaux des males sont moindres que ceux des femelles. 
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Sphyma tiburo is a placemaly viviparous shark species abundant in the western 
Atlantic where it is reported from North Corolina (USA) to southern Brazil (Sao Paulo) 
(Compagno* 1984), It is commonly caught in shallow waters close to estuaries and bays 
down to 25 m. In northern Brazil* it represents about 10% of the total of elasmobranch 
catches (Lessa* 1986) landed at Sao Luis Island (2 , 30"S, 44 fl 05 T W). Several aspects of the 
biology of northern hemisphere populations have been studied including reproduction 
(Clark and von Schmidt, 1965; Parsons, 1993a; Manirc et at., 1995), behaviour (Myrberg 
and Gmber, 1974), placentation (Hamlett. 1986), age and growth (Parsons* 1993b) and 
diet and feeding habits (Cortes et at., 1996). Likewise* information on sexual develop- 
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Fig. I. - Fishery grounds of Spftyma tiburo m Maranhao State, northern Brazil 

ment, reproductive cycles and biometry of this species in southern Atlantic is also avail¬ 
able (Lessa, 1988; Silva and Lessa, 1991; Lessa and Silva, 1992), 

However no information is available on the feeding habits of this species in the 
southern Atlantic, where it is referred to by fishermen as “caranguejeira” or crab eater. The 
aim of this paper is to present a qualitative and quantitative analysis of stomach contents 
considering sex, seasonality, sizes of the bonnethead sharks from the Maranhao State 
Coast, in northern Brazil. 


MATERIAL AND METHODS 

Samples were obtained at two-week intervals in the western part of Maranhao 
State, in the area between Tubarao Bay and Len^ois Bay (r05*-2 o 45'S, 43 l '30 T -45°W) 
(Fig. 1) from June 1984 to August 1986, The coastline is low-lying mih mangrove and 
deeply indented because of the large number of rivers, islands, estuaries and cliffs, where 
tidal amplitudes may reach 7 m. This region is under Ehe Amazonic influence, the rainy 
season being from December to May and the dry season, from June to November (Stride et 
ai , 1992). Salinity during sample collection ranged from 20.0 to 34,4 \%t Drift nets, 
900 m in length, 7.2 m in height, with a stretched mesh size of 8,0 cm between op¬ 
posed knots were deployed from sailing boats targeting the Brazilian Spanish Mackerel 
Scomberomorus brasiliensis, in shallow waters (16 to 40 m). 
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The overall sample was obtained over 31 fishing trips. From each specimen was 
recorded; total length (TL cm) (Compagno, 1984), total and gutted weights (g), weight of 
stomachs with contents (g), weight of empty stomachs (g), number of prey in each stom¬ 
ach. Dietary contents were analysed to the lowest possible taxon or category, depending 
on the digestion stage of each item, ^identifiable prey were placed in the “others” cate¬ 
gory. 

Crabs and shrimps were identified following Williams (1965), or compared to a 
reference collection deposited at Universidade Federal de Pernambuco. Teleosts present i n 
stomach contents were identified following Figueiredo (1977), Figueiredo and Menezes 
(1978), or comparing otoliths to a reference collection when prey were in advanced stages 
of digestion (Saul and Lessa, 1991). 

For assessment of the importance of prey items, the percentage Index of Relative 
Importance after King (1984) and Cort£s ei al (1996), was used. This index com¬ 

bines prey number, weight and occurrence (Hyslop, 1980). According to King (1984), 
feeding intensity was assessed by the mean number and mean weight of prey per stomach 
expressed as a percentage of body weight. 

All references to length at birth, maturity or reproductive stages made throughout 
this paper follow information presented by Silva and Lessa (1991) and Lessa and Silva 
(1992). As found by these authors, individuals arc born at less than 35 cm TL, from birth 
to 69 cm females are considered immature, from 70-90 cm, when vitellogenesis starts. 

Table I, - Diet composition of the bon net head shark Sphyrna tiburo in the Maranhifo State Coast ex¬ 
pressed as percent by number (%N) P percent weight (%W), frequence of occurrence (%G) and 
percentage index of relative importance (%IRI), 


j Prey items 

%N 

%W 

%Q 

%IRI 

Crustacea 

87,91 

88.53 

86.24 

92.79 

Portumdae 





Callinectes ornatus 

28.92 

37.22 

27.52 

42.89 

Callinectes exasperates 

21.04 

36.73 

31.19 

33.51 

Callinectes sp. 

20.37 

13.75 

22.94 

16.0 L 

Penaeidae 





Xyp hopenaeus kroyerii 

10,99 

0.35 

0.92 

0,14 

Unidentified shrimp 

5.49 

0.33 

2.75 

0.22 

Pallinuridae 





Pan ultras argus 

1.10 

0.15 

0,92 

0.02 

Mollusca 

LID 

0.05 

0,92 

0.01 

Unidentified gastropod 

1,10 

0.05 

0,92 

0.01 

Osteichthyes 

5.50 

933 

4.58 

6.89 

Engraulidae 

2.20 

1,82 

1.83 

0.7 

Congridae 

UO 

4.18 

0,92 

2.05 

Sctanidae 





Macrodo n an cyhdo n 

2.20 

3,33 

1.83 

4.14 

Anne Lida 

5.49 

0.08 

3.67 

0.28 

Polychaeta 





Hoplunus tenius 

5,49 

0,08 

3.67 

0.28 | 
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they are considered adolescents and from 90 cm on the size at which pregnancy was for 
the first time observed, females are considered adults. In turn, males smaller than 59 cm 
are considered immature, individuals from 60 to 79 cm are considered adolescents, and 
those larger than 80 cm are adults. 

Percent IRf, mean prey weight, and mean number of prey were examined in relation 
to length, quarters of the year and reproductive stages {females}. For inferences on feeding 
strategy, the modified Costello graphical method {Costello, 1990), as proposed by 
Amundsen et ai (1996), was followed. Seasonality in the diet was studied considering 
quarters 1, 2, 3, and 4. Quarter l corresponds to January, February and March; quarter 2 to 
April, May and June, and so forth. 

Except for qualitative analysis and diversity index calculations, prey items were 
pooled into five categories: Callinectes o mat us, C, exasperates* Callinectes sp., Penaei- 
dae, and miscellaneous prey items such as fish, squid, molluscs and other crabs were in¬ 
cluded in the “other" category. The Shannon measure with evenness (J 1 ) was used to com¬ 
pare male and female diets (Brower and Zar, 1984). It was calculated taking into account 
the numbers of individuals in each taxon or category listed in table I, 

Mean prey weight (% of body weight) and mean prey number were subjected to the 
Kruskal-Wallis test. If a significant difference was found, comparisons were performed 
using the Mann-Whitney (Mest (Siegel, 1981). The Kolmogorov-Smirnov test was used 
to to compare two independent (male and female) length frequency distributions, Chi- 
squared tests with Yale's correction for differences between males and females numbers in 
the overall sample was used (Browner and Zar T 1984). Throughout this paper, unless oth¬ 
erwise mentioned, size refers to total length (Compagno, 1984). 


RESULTS 

The sample and diet composition 

Of 203 shark stomachs examined, 191 specimens contained food [101 were males 
(38 to 96 cm) and 90 females (35.6 to 125 cm)] and 12 were empty (6.28%), 

Of these, 72 females and 82 males were adolescents and adults, and the remaining 
37 individuals were juveniles (Silva and Lessa, 1991). Males were dominant in the sample 
in length classes ranging from birth up to 90 cm, whereas females outnumbered males in 
larger classes (Fig, 2), Significant differences were not found between males and females 
in the overall sample {x with Yale's correction = 0.635; p > 0,05), However, length 
frequency distributions by sex compared using the Kolmogorov-Smirnov test, indicated 
that differences were significant (Dmax = 51,193, df = 2, p<0,05). 

Crustaceans were the main prey according to all indices and were represented 
mainly by three prey items: Callinectes ornates, Callinectes exasperates and Callinectes 
sp. (Table I). A similar spectrum of items was found in both sexes, however the Shannon 
measure with evenness was lower in females (J 1 = 0.672) than in males (J* = 0,727). 

Size-based feeding intensity and %IRI 

Mean weight of prey as a percentage of body weight for males decreased from 
- 5% in 50 cm juveniles to 3.7% in 80 cm adults (Fig. 3A). The maximum mean prey 
weight was reached in 90 cm adult males. Significant differences in mean prey weight 
were detected with size (Kruskal-Wallis, p < 0.05). 
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Length class (cm) 

Fig. 2, * Length frequency distribution of Sphyrna tiburo collected from 1984 to 1986 in Maranhao 
State, northern Brazil. 


Mean prey number for males varied from 1,5 to 6.5 prey in the whole sample 
(Fig, 3B), a significant variation (KruskaLWallis; p < 0.05). The highest mean number 
was observed for 70 cm individuals, decreasing both in smaller and larger specimens. 
Differences in mean prey number between 60 and 70 cm length classes were significant, 
as were those between 70 cm and 90 cm length classes (Mann-Whitney U- test, 
p < 0.05), 

The index of relative importance, analysed on the basis of the rive prey catego¬ 
ries, showed that Callinecies sp, was the most important item for individuals ranging 
from 50 to 80 cm (Fig, 3C). Callinecies o mat us and C, exasperatus together represented 
30-40% IRI in 60-70 cm individuals. C, exasperatus was the most important item for 
90 cm adult individuals, with a IRI of 100%, 

In females, prey weight ranged from 3% of the body weight in 50 cm juveniles to 
7.5% in 90 cm adult specimens (Fig. 4A). Significant variation in prey weight was 
detected with size (Kruskal-Wallis, p < 0.05) due to a decrease in 90-100 cm adult fe¬ 
males (Mann-Whitney {/-test, p < 0.05), followed by an increase in 110-120 cm speci¬ 
mens. The mean number of prey ranged from 2 items in juveniles to - 6 in fully adult 
110 cm females (Fig, 4B). Mean number of prey showed a decreasing tendency for indi¬ 
viduals between 70 and 100 cm. Mean prey number variation with size was significant 
(Kruskal-Wallis, p < 0.05) due to differences between 70 cm and 100 cm individuals 
and between 100 cm and 110 cm specimens (Mann-Whimey (/-test, p<0.05). 

Variation in %IR1 with size (Fig. 4C) showed that Callinectes sp, made up 100% 
IRI in juveniles, decreasing in larger individuals where C. exasperatus and C. ornatus were 
the most important prey items. Penaeidae, and other prey represented a small portion of 
the diet in individuals larger than 80 cm. 

Seasonality in feeding intensity and %1RI 

Because few f females were caught from March to May, both sexes were treated to¬ 
gether. Mean prey weight varied from about 5% to 5,5% (Fig. 5A). The Kruskal-Wallis 
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Fig. 3. - Feeding intensity. Prey weight (% of the body weighi-BW) (A) r prey number (B) and %IRI (C) 
in males of Sphyrna tiburo by length class. Sample sizes given in the figure and bars indicate S,E. (A 
and B). Legends of figure 3C correspond to; a; others: b; CalHnectes sp.; c: G ornates: d: C, exaspera¬ 
tes: e: Penaeidae 


test did not reveal any significant differences among quarters (p > 0.05). In contrast* 
mean prey number varied from 4 items in quarter 1 to 7 items in quarter 3, with only 2 
items found in quarter 2 {Fig* 5B}* The KruskaF Wallis test indicated significant differ- 
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Q Length class (cm) 

Fig. 4, - Feeding intensity. Prey weight (% of the body weight. BW) (A), prey number (B) and %IRI (C) 
in females of Sphynm Uburo by length class. Sample sizes given in ihe figure and bars indicate S.E, (A 
and B). Legends of figure 4C correspond to; a: others; b CaUinectes $p.: c: C omam\ d. C exaspera¬ 
tes. 


ences in mean number of prey over the year (H = 9.34. df = 3, p < 0.05) attributable 
to differences between the second and third quarters, and between the third and fourth 
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Quarters of the year 


Fig. 5. - Feeding intensity: Prey weight {% of the body weight) {Ah prey number (B) and %IRI (C) in 
both sexes of Sphyrna tiburo by quarters of the year. Sample sizes given in the figure and bars indicate 
S.E. (A and B). Legends of figure 5C correspond to: a: others: b: Callinecm spc: C ormm; d: C 
exasperatus; e: Penaeidae. 
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Fig. 6. - Costello's diagram showing prey-specific abundance versus frequency of occurrence for 
Sphyrna tiburo on Maranhao coast, northern Brazil Numbers inside graph correspond to: 1: Callinectes, 
2: Fish, 3: others, 4: Penaeidae. 
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Figure 7. - Prey width / predator length scatterpiot for both sexes for Sphyrna tiburo on Maranhao 
Coast, northern Brazil. Diamonds - C. onmtusx squares = C exasperates. 


quarters (Mann-Whitney fZ-test, p < 0,05), Among the five prey categories considered, 
C ornatus\ C, exasperates and Callineaes sp + made up about 80% of the diet during all 
quarters of the year. Among the remaining items, fish represented about 20% of the diet i n 
the second quarter, whereas Penaeidae made up another 20% of the diet in the third quarter. 
Other prey items corresponded only to a small portion of the diet in the fourth quarter 
(Fig. 5C>. 
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Feeding strategy and prey/predator relationship 

A feeding strategy diagram (Fig. 6) showed that Callinectes species had the high¬ 
est values of prey-specific abundance and frequency of occurrence and thus are dominant 
prey. AH other prey types were located in the lower left segment of the diagram, corre¬ 
sponding to low values of prey-specific abundance and low frequency of occurrence and 
thus, are rare or unimportant species. 

A scatterplot of the relationship between predator length (60-118.7 cm) 
prey carapace width for C. exasperatus and C omatus showed high dispersion of prey 
carapace width within a given length class. For a relationship between prey carapace 
width as a percentage of predator length a low correlation was obtained, when both prey 
were treated together (Fig. 7). Correlations obtained for each prey species separately 
were lower than that obtained for both species together. 


DISCUSSION 

The bonnethead sharks in the shallow waters of the Maranhao coast are benthic 
feeders, preying on organisms on the bottom, or buried in sediments. The main prey were 
crustaceans of three different species of Callinectes. These observations are consistent 
with those from Cort€s et at. (1996) for the species in Florida where the main prey item 
was C. sapidus. The Shannon measure with evenness, in the study area was lower in fe¬ 
males than in males, indicating that the diet is composed of only a few abundant species 
(Brower and Zar, 1977), characteristic of specialist behaviour. 

The percentage of empty stomachs found in the present study (6.3%) was similar 
to that found in southwestern Florida by Cortes et at. (1996) (5%) and to that found in 
Tampa Bay (7%), also in southmost Florida (Parsons, 1987 cited in Cort6s et at, 1996). 
Cortes et at. (1996) remarked that these percentages, were the lowest reported for shark 
species collected using non-bait methods of capture such as nets (Wetherbee et al. m 1990). 
As found by these authors, in southwest Florida, the low incidence of empty stomachs 
suggests that S. tihuro eats frequently and gastric evacuation is slow relative to feeding 
frequency. 

The modified Costello method for graphical analysis of stomach content data 
(Amundsen et at 1996) showed that S, tiburo is a specialist predator with a narrow niche 
width. 5. tiburo seems to correspond to the third case study presented by Amundsen et aL 
(1996) showing a population specialisation towards one single prey type ( Callinectes ). 
That is the case when most individuals feed on the dominant prey taxon, but small num¬ 
bers of other prey types are occasionally included in the diet of some individuals. 

Two species of Callinectes were the dominant prey in all shark size classes and in 
all quarters of the year in both sexes. Fish were not observed in the stomach contents of 
individuals smaller than 70 cm, but apart from this, no important dietary shift was asso¬ 
ciated with size. However, the participation of Callinectes species in food contents dif¬ 
fered with sex and size. Unidentified Callinectes dominated in juvenile females smaller 
than 60 cm, perhaps due to faster digestion in smaller sharks. These prey were unidentifi¬ 
able to species level due to broken carapaces. Identifiable C. exasperatus and C omatus 
dominated in larger size classes, where the importance of unidentifiable Callinectes be¬ 
came minimal. However, in males unidentified Callinectes species dominated in all size 
classes from juveniles to adults and C ornatus were of lesser importance for all length 
classes, except 90 cm, These results, suggest that digestion in males is faster than in 
females. 
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Size selectivity of prey, with larger prey occurring in the diet of larger individuals, 
as found for S. tiburo in southwest Florida (Cortds et ai, 1996) could not be demonstrated 
here. Small and large prey of both C. ornatus and C. exasperatus f ranging from 3.8 cm to 
13 cm in carapace width, were present in stomach contents without any dear pattern. 

Cortes et ai (1996) found that the median stomach content weight, expressed as 
percentage of body weight, increased with size in Florida. This pattern would not be ex¬ 
pected because daily ration generally decreases with increasing size {Pandian,1967 cited 
in Cortes et ai , 1996). In the present study, an increase in mean prey weight was ob¬ 
served in females up to 90 cm followed by a decrease and subsequent increase for the 
largest females. However, in males, mean prey weight decreased from 50 cm juveniles to 
80 cm adults and dramatically increased in 90 cm adults. The increasing trend observed 
for females in this study could be explained by a slowing down of digestion as individuals 
grow and age. This situation is not well documented in elasmobranchs where the oppo¬ 
site, observed partly for males here, is known to happen for most species studied {Cortes 
et ai t 1996). These authors also speculated that males have less food in their stomachs 
than females because as females grow larger, they eat larger prey which are more difficult 
and slow to be digested. In contrast, smaller males would eat smaller prey s easier to di¬ 
gest. This reasoning was based on the relationship between predator and prey size, found 
by these authors but not verified in the present study. Nevertheless males generally 
showed less food in their stomachs than females even for same-sized individuals. 

In summary, we have shown that Sphyrna tiburo in northern Brazil has a similar 
diet to that of Northern Hemisphere populations, showing a specialised strategy, rather 
homogenous considering sizes and sexes. 
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